Synthesis
Chemical products were purchased in Sigma-Aldrich (France) and deionized water was used for all synthesis.
We slightly modified a protocol described by Xie et al. 1 to produce the different Au NCs. 500 µL of HAuCl4.3H20 (20mM) was added to 4.8 mL water followed by 4 mL of the thiolated ligand mixture mercaptohexanoic acid (MHA, 5 mM)) / hexa(ethyleneglycol) dithiol (HDT, 5 mM) changing color from yellowish to slightly pale cloudy. Several volume ratio MHA/HDT were chosen from 4 mL/0 mL to 2 mL/2 mL; higher amount of HDT was leading to irreversible precipitation. AuMHA, AuMHA/HDT type A, AuMHA/HDT type B, AuMHA/HDT type C, AuMHA/HDT type D were obtained with the ratio: 4 mL/0 mL, 3.5 mL/0.5 mL, 3 mL/1 mL, 2.75 mL/1.25 mL, 2 mL/2 mL, respectively. After 1 min, 500 µL of NaOH (1M) was added dropwise leading to almost colorless sols. After 5 min, 150 µL NaBH4 (20 mM in 0.2 M NaOH) was introduced dropwise under mild stirring at 350rpm for 8 hours.
Purification of the AuMHA/HDT on 3 kDa cut-off filter column (Amicon) were repeated 3 times to stop the reaction and sols were kept stored in the fridge before characterization.
Same protocol was used with ethylenedithiol (EDT) or tetra(ethyleneglycol) dithiol (TDT) instead of HDT to produce AuMHA/EDT and AuMHA/TDT.
To determine the impact of pH of the absorbance spectra of the series of AuMHA/HDT, 50 µL of concentrated solutions were diluted in 950µL of PBS solution (10 mM) at pH 9, 7.5, 6, and 4.5.
The Au NCs, AuZwMe2 was synthesized following the protocol described in the literature 2 .
Instruments
Metal core sizes were determined by high resolution transmission electron microscopy with an 200 kV monochromated TEM using dispersed Au NCs on ultra-fine carbon films. The hydrodynamic diameters of the Au NCs were measured in D2O by DOSY-NMR experiments at 500 MHz on a Bruker AVANCE III spectrometer equipped with a cryo-probe Prodigy. The samples were around 2mM in 500 µL D2O and the pH ~7. The 2D-DOSY experiments were run using the standard "ledbpges2s" Bruker sequence with linear gradient stepped between 2% and 98%. 64 scans were recorded for each gradient step. Data processing was performed using maximum entropy algorithm from Dynamics Center, a Bruker's NMR software, to obtain the diffusion coefficient D. An average value of D was used for the hydrodynamic diameter calculation according to the Stokes-Einstein equation ∅HD= 2kBT/ 6πη where kB is the Boltzmann constant, T is the temperature, η is the viscosity of the solvent (ηD2O = 1.232 10 -3 Pa.s at 298K).
XPS investigation was performed in a K-Alpha+ spectrometer (ThermoFisher Scientific) using a microfocused, monochromated Al Ka X-ray source (400 µm spot size).
Data acquisition and processing using the Thermo Avantage software is described elsewhere 3 .
The spectra were fitted with one or more Voigt profiles (BE uncertainty: ±0.2 eV) and Scofield sensitivity factors were applied for quantification 4 . All spectra were referenced to the C 1s peak Therefore, we can propose the following formula:
Type B:
For AuMHA/HDT type A: By XPS measurement, we determined S-Au/Autotal= 0.6 therefore: m/(n+m)= 0.6 then m=1.5n
and p=2.25n
We can express as a function of n: n*197+1.5*n*197+1.5/2*n*148+2.25/2*n*148+1.5/4*n*314+2.25/4*n*314=MWtotal (9400 Da) n(197*2.5+148*1.875+314*0.9375)=9400
n=8.8 ~ 9
To give a general formula for AuHDT/MHA type B: Au23MHA17HDT9
-For MW=10500 Da (second distribution):
Then n=10 giving a second formula Au25MHA19HDT10 The subscripts x, st, and ex denote sample, standard, and excitation respectively. ( D< ) is the absorption factor, the integrated spectral fluorescence photon flux, and the refractive index of the solvents used (DMSO for IR125; water for Au nanoclusters).
All spectroscopic measurements were done in a 1 cm quartz cuvettes from Hellma GmbH at room temperature using air-saturated solutions.
SWIR imaging was performed using a Princeton camera 640ST (900-1700nm) coupled with LED excitation source at l= 830 nm (60mW/cm 2 ). We use short-pass excitation filter at 1000 nm (Thorlabs) and long pass filters (Thorlabs) on the SWIR camera at 1000 nm or 1250 nm.
A 25 mm lens with 1.4 aperture (Navitar) was used to focus on the samples. Tubes containing AuNC solution or 10µL drops of each samples were put in front of the camera before acquisition and analyses were performed using FIJI software. 
